Summary Akodon is the richest Sigmodontine genus in terms of number of species. This article analyzes the chromosomal banding produced in A. azarae, A. molinae and A. dolores by the fluorochromes 4,6-diamidino-2-phenylindole (DAPI) and chromomycin A3 (CMA), counterstained in some cases with distamycin A (DA). A. azarae populations have fertile XY females, and A. molinae and A. dolores, a pair of closely related species, show Robertsonian polymorphisms. In the 3 species, as generally observed in mammals, DAPI-treated chromosomes presented a G/Q-like fluorescent pattern, and DA-CMA treatment gave R-type banding. The constitutive heterochromatin of A. azarae, comprising the centric regions of the autosomes (excepting the small metacentric), the Ychromosome, and several bands of the X amounting to almost 38% of its length, fluoresced with DAPI and appeared negative with DA-CMA, indicating the relative AT-richness of their repetitive components. In A. molinae and A. dolores, no characteristic fluorescence was noticed in the small heterochromatic regions of the autosomes. The heterochromatic Y of these species could be differentiated into a centric portion (approximately one third of the chromosome) that fluoresced with DA-CMA, and was therefore relatively GC-rich, and a distal portion that fluoresced brightly with DAPI, which was thus relatively AT-rich; the small centric band of the X fluoresced with CMA. The response of the gonosomal centric regions indicates that these chromosomes associate by their centromeric ends in diakinesis-metaphase I. These observations confirm the utility of fluorochromes that are highly selective for DNA base pair composition in cytogenetic studies, and further our understanding of the chromosomal evolution in this genus.
Akodon, whose species are widely distributed in South America, is the richest Sigmodontine genus in terms of number of species (Apfelbaum and Reig 1989 , Hershkovitz 1990 , Myers 1989 , Myers et al. 1990 , Reig 1987 , Smith and Patton 1993 . However, the taxonomy and systematics of the genus remain unresolved, mainly due to the great similarity between its species, and thus a comprehensive revision of the genus would be welcome (Diaz et al. 1999 ). This genus is cytogenetically very interesting because of its systematic complexity, its considerable karyotypic diversity (2n =10-52), but, paradoxically, karyotypically indistinguishable species, the existence of intraspecific variation affecting the autosomes and the sex chromosomes, and the presence of species with fertile XY-females (Bianchi et al. 1971 , 1973 , 1979a , b, 1989 , 1993 , Fagundes et al. 1998 , Fernandez-Donoso et al. 2001 , Gallardo 1982 , Ortiz et al. 1998 , Silva and Yonenaga-Yassuda 1998 , Vitullo et al. 1986 , Wittouck et al. 1995 .
This paper reports an analysis of chromosomal banding in Akodon molinae, A. dolores and A. azarae, as yielded by the fluorochromes 4',6-diamidino-2-phenylindole (DAPI) and chromomycin A3 (CMA), counterstained with Distamycin-A when indicated.
A. azarae is one of the species of Akodon in whose populations fertile XY females are present (Bianchi and Contreras 1967 , Bianchi et al. 1971 , 1989 , 1993 , Espinosa and Vitullo 1996 , Ortiz et al. 1998 , Solari et al. 1989 . A. molinae and A. dolores share an interesting polymorphism of their first chromosome pair, which can appear as a submetacentric or as 2 subterminal chromosomes, whilst A. dolores exclusively shows Robertsonian polymorphisms of pairs 2 to 5 (Bianchi et al. 1973 , 1979a , b, Fernandez-Donoso et al. 2001 , Wittouck et al. 1995 . These 2 morphologically and genetically very similar species (Apfelbaum and Blanco 1984, Wittouck et al. 1995) share the Gbanding patterns of their autosomal arms and of the sex chromosome pair and produce fertile hybrids, at least in the laboratory (Bianchi et al. 1979b , Merani et al. 1978 , Roldan et al. 1984 , Wittouck et al. 1995 .
Materials and methods
The animals studied were live-trapped in several localities of the province of COrdoba, Argentina, as follows. Akodon azarae: 2 males and 2 XY females from Chucul (32°55'S, 64°10'W), A. molinae: 2 males from Yacanto (31°56'S, 65°12'W), A. dolores: 1 male from Villa de Maria del Rio Seco (29°54'S, 63°43'W) and 1 male from Chucul.
Standard air-dried preparations from bone marrow were made after injection of 0.2-0.5 ml (ac- cording to size) of 60 ug/ml colchicine solution, 2 h before sacrifice. C-banding was obtained according to Sumner (1972) and Gbanding by trypsin digestion (Seabright 1971) . Distamycin A (DA), CMA and DAPI treatments were performed according to Schweizer (1976 Schweizer ( , 1980 . C-banding plus fluorochrome staining was carried out following Bella and Gosalvez (1991) . Observation and photography were carried out under a Zeiss Axiophot microscope equipped with a 100 W mercury lamp and the corresponding filter sets. The terminology employed for the description of A. dolores and A. molinae heteromorphisms is that of Bianchi et al. (1979b) . At each possible heteromorphic pair (1 to 5), a specimen can be simple homozygous (SH) if it shows 2 bibrachial (meta or submetacentric) homologues, double homozygous (DH) if 4 terminal, or subterminal in the case of pair 1, elements are present, or heterozygous (H), if one bibrachial and 2 terminal or subterminal chromosomes appear.
Results and discussion
The treatment of the chromosomes of the 3 species with DAPI and DA-CMA gave consistently contrasting banding patterns. As can be seen in Figs. 1 and 3 , which show the same cells subjected successively to the 2 treatments, DAPI-treated chromosomes presented a G/Qlike fluorescent pattern and DA-CMA treatment gave R type banding. Fig. 2a, b shows the opposite patterns produced in the same metaphase by DA-CMA and G-banding. Similar results have been obtained by different authors in many organisms that present G-bands, and have formed the basis of models of chromosome organization (revision in Sumner 1990, Bickmore and Craig 1997) .
On the other hand, the application of fluorochromes highly selective for DNA base-pair composition frequently allows the characterization of heterochromatic regions, when the highly repeated DNA sequences localized therein present an AT or GC-richness that is enough to be detectable by these techniques (Schweizer 1976 , 1980 , Sumner 1990 ). In A. azarae, Giemsa C-banding (Ortiz et al. 1998) shows small centromeric bands in the autosomes, with the exception of the small metacentric pair. The Y chromosome is heterochromatic. Several heterochromatic bands (amounting to approximately 38% of its length) characterize the X-chromosomes, there being 3 different C-banding patterns , 2 of which are seen only in XY females. Constitutive heterochromatin of A . azarae, both in the autosomes and the sex chromosomes, fluoresced with DAPI and appeared negative with DA-CMA treatment (Fig . 1) , which indicates the relative AT-richness of their repetitive components . If these fluorochromes are applied after the C-banding procedure, a bright fluorescence of the heterochromatic regions is observed with DAPI, but the banding pattern of the euchromatic regions is lost (Fig . 2c) . With CMA, a weak and diffuse fluorescence is seen (not shown) as also happens in the chromosomes of the mouse L929 cell line after this C-CMA treatment (Bella et al. 1995) . The absence of fluorescent bands in the euchromatic regions after C-banding may be a consequence of the technique , by which protein and DNA are extracted from euchromatin and/or there is more extensive reorganization of the chromatin (Sumner 1990 , Bella et al. 1995 , Bickmore and Craig 1997 . In A. molinae (Bianchi et al. 1973 and our unpublished results), most of the terminal autosomes and the X (not identifiable without G-banding) have small centric Giemsa C-heterochromatic regions, and no bands appear in the small metacentric chromosomes. With respect to the polymorphic pair 1, a thin band is seen in the submetacentric form, the centric region and the short arm of the subterminal 1p, and the centric region and the proximal portion of the short arm of 1 q are heterochromatic. The Y chromosome appears darker than the euchromatic regions . The C-banding patterns of the first chromosome pair and of the sex chromosomes of A. dolores are similar to those of A. molinae; small centric bands are present on most of the remaining autosomes , except the small metacentric pair (Fig. 4c) .
The application of DAPI and DA-CMA to A. molinae and A . dolores metaphases (Figs. 3a, b, 4a) did not reveal any noticeable fluorescence characteristic of the autosomal heterochromatic regions. Interestingly, the Y chromosome can be differentiated with these fluorochromes in a centric portion (approximately 1/3 of the chromosome) which is bright with CMA, and a distal portion that fluoresces with DAPI. This indicates a difference in the DNA composition of the 2 portions of this chromosome. The small centric band of the X is fluorescent with chromomycin. This response of the centric regions of the X and Y chromosomes reveals that these chromosomes associate by their centromeric ends during diakinesis-metaphase I (Fig. 3c) . Finally, none of the species here studied showed bright DA-DAPI regions.
Although the genomes of the species of Akodon studied here include, as expected, repetitive fractions (Vidal-Rioja et al. 1982) , no satellite DNA was found in cesium chloride gradients (VidalRioja et al. 1979 ). Our results demonstrate that the close evolutionary proximity of A. molinae and A. dolores is mirrored by the identical behaviour shown by their heterochromatic regions when treated with the fluorochromes assayed here, indicating that the genetic and karyological similarity between these 2 species extends to the compositional and structural levels of their chromosomes. On the other hand, the chromosomes of A. azarae have different responses to the same treatments. This is in accordance with the fact that the karyological distance between A. azarae and A. molinae-A. dolores is clearly greater than that between the members of the latter species pair (Bianchi and Merani 1984) . The isolation and characterization of the different repetitive components of these species is required in order to establish the molecular basis of these cytological observations. Similar studies in other species of Akodon would be of help in clarifying the systematics of this taxon. 
